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(54) TDMA communication arrangement with dynamic allocation of time slots between packet and circuit 
switched service 

(57) The invention relates to a method aiming at dynamic division of the radio capacity in a TDMA system 
dynamically between packet radio service and circuit switched service. A basic number of time slots are 
reserved for packet radio service and the rest are reserved for circuit switched service. When the traffic 
requirement of packet radio service increases, information regarding this is obtained by means of a request 
from a mobile station or through traffic measurement at the base transceiver station. This information is used 
as a criterion in allocating more time slots to packet radio service. 
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METHOD AND SYSTEM FOR CHANNEL ALLOCATION IN A RADIO SYSTEM 

The present invention relates to a method and/or apparatus for allocating mode 
of usage of channels in a radio system. In particular the invention relates to a 
method and/or apparatus by which radio capacity is divided dynamically 
between packet radio service and circuit switched service in a TDMA system in 
which two-way traffic between base stations and mobile stations takes place in 
time slots on predetermined channels. 

Most present-day cellular networks offer circuit switched services for speech 
and data. The available frequency band is divided between these services, all 
having equal priority. The network does not take into account whether the 
capacity is used for the transmission of speech or data: 

Considering burst-form data services, circuit switching does not exploit the 
channel optimally. Therefore packet radio services are used alongside existing 
circuit switched services in cellular networks. Since the existing radio band 
cannot be expanded, packet radio services must be fitted into the same band as 
circuit switched services. Thus a certain amount of capacity has to be taken 
from circuit switched services for packet radio services. 

In TDMA cellular systems, a radio band is usually divided into multiple 
frequency bands (FDMA, Frequency Division Multiple Access), and each 
frequency band is further divided into multiple time slots. Logical channels are 
transmitted in the physical time slots of the radio interface. In circuit switched 
cellular systems, all time slots are used for control signaling and for circuit 
switched traffic. 

In accordance with the present invention there is provided a method for 
dynamic division of radio capacity between packet radio service and circuit 
switched service in a TDMA system in which two-way traffic between base 
transceiver stations and mobile stations takes place in time slots on prede- 



termined channels, characterized in that in the basic rpode a first predetermined 
nurr^ber of time slots are reserved for packet radio service and a second 
predetermined number of slots are reserved for circuit-switched service, and 
that on the basis of a' predetermined criterion, one or more additional free t.me 
Slot/slots is/are allocated to packet radio service and/or circuit switched service, 
a corresponding number of time slots being deallocated from the other serv.ce. 
The invention provides a method by which the capacity of a radio channel can 
be better exploited. The method is used in determining the number of time slots 
allocated, on the one hand, to packet radio service and. on the other hand, to 
circuit switched service by allocating dynamically more capacity, i.e. more t.me 
slots, to the form of service requiring it at a given time. 

cases associated with this topic have been discussed previously in certain 
patent publications. One example of them is EP-26 11 27, which describes a 
time-sharing telecommunications system wherein the spectrum is exploited .n a 
relatively efficient manner by dividtrtg rrarrow^band rad^io Irequency channels 
into at least two time slots, one to transmit coded speech signals and one to 
provide two-way transmission. However, this publication does not discuss the 
dynamic allocation of capacity, and it does not discuss packet radio services as 
such. 

us patent 4 887 265 discloses a packet radio switched cellular system. In this 
system, a plurality of data calls can be switched to one and the same radio 
Channel, whereby radio spectrum is saved. However, the publication mainly 
discusses the criteria of handoff. It does not discuss the dynamic allocation of 
capacity to packet radio and circuit switched services. 

In accordance with the embodiments of the present invention, some basic 
number of time slots are reserved for packet radio service and a number of time 
slots for circuit switched service. If. for example, the traffic need of packet 
radio service increases, information regarding this is obtained through a request 
flagged by a mobile station or through traffic measurement by the base station. 



whereupon this information is used as a criterion in the allocation of more time 
slots to this service. Such a request can be transmitted from a mobile station to 
a base station on a message or signaling channel (e.g. in call set-up signaling) 
or on a traffic channel, or it may be, for example, a short message output. The 
request may also be transmitted on a packet radio channel. The capacity 
required by each service is monitored in the base station system (BSS), which 
is in a known manner made up of base transceiver stations (BTS) and base 
station controllers (BSC), and from which information is transmitted to the 
mobile station regarding the channel configurations, i.e. the allocation of radio 
capacity {which channel is in the use of which service). 

In the basic mode, all the time slots of the channel nnay be allocated to packet 
radio service when circuit switched service does not need capacity. In this 
case, one or several time slots are allocated to circuit switched service when a 
request for it is received, for example, from a mobile station in call set-up 
signaling. The base station controller (BSC) interprets the request from call set- 
up signaling and thereupon deallocates a channel which is in the use of packet 
radio service and allocates it to circuit switched service. Alternatively, a prede- 
termined minimum number of time slots may be allocated in the basic mode to 
packet radio service, in which case more time slots will be allocated to packet 
radio traffic when it increases. When the number of time slots used for packet 
radio service is increased, the same number of time slots must be deallocated 
from circuit switched service in the same channel. 

In a preferred embodiment of the invention, a certain minimum number of time 
slots are allocated in the basic mode to packet radio service, this minimum 
number being controlled on the basis of economic factors important for the 
traffic and/or the operator. The control can be coupled to the results of traffic 
measurement at the base transceiver station so that the control will be 
automatic. Alternatively, the operator may effect the control manually, and it 
may be based on historical information on traffic, etc. 



In sparsely populated areas, or when the packet radio traffic of a TDMA ceil is 
known to be very scanty or incidental, all of the time slots of the channel 
serving this cell may be allocated to circuit switched service. When an 
incidental need for packet radio traffic arises, information regarding this is 
transmitted to the base transceiver station, for example via the message 
channel of circuit switched service or via some other signaling channel, traffic 
channel or short-message output. For this purpose, also a specific message 
may be defined which the mobile station requesting the service will transmit to 
the base transceiver station. Preferably, however, existing messages are used 
for the request, for example a part of a call set-up message minimally modified, 
in which case also old services will function. 

According to a preferred embodiment, more time slots for a service may be 
allocated in the same frequency band so that the maximum number of time 
slots allocated to the service will be equal to the number of time slots in the 
band. Alternatively, time slots may be addifiorially allocated to a service also in 
another channel. 

The invention is thus a method for determining the number of time slots in use, 
on the one hand, for packet radio service and, on the other hand, for circuit 
switched service. The same mechanism can be used in parallel for FDMA bands 
and, on the other hand, also for only one frequency band. In downlink packet 
radio control channels, the radio channels allocated to packet switched use 
must be flagged very often in order to keep the mobile stations informed of the 
channels currently in force. 

The invention is described in greater detail with the help of the following 
examples, with reference to the accompanying figure, which shows time slots 
in a TDMA frame. 



In packet radio cellular systems, such as the GPRS system (Genera! Packet 
Radio Service) standardizable for GSM/DCS 1800 systems, some of the 
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channels nnust be allocated to packet radio traffic. In this case the easiest 
method is that one time slot or multiple time slots is/are allocated permanently 
to packet radio traffic, and the rest of the time slots are reserved for circuit 
switched services. However, it is possible to divide the capacity even more 
flexibly between circuit switched service and packet radio service. The TDM A 
frame of one carrier wave of the GSM/DCS 1800 system is illustrated in the 
accompanying figure. The upper row shows the TDMA frame MS RX received 
by a mobile station and the lower row the transmission frame MS TX, offset 
with respect to time. The figure shows how one time slot in both downlink 
direction and uplink direction is reserved for packet radio service GPRS. The 
rest of the time slots are reserved for circuit switched (CS) calls. 

Packet radio service in TDMA systems is quite new as compared with methods 
dividing a common frequency band, such as Aloha-based protocol. In TDMA 
radio systems using packet transmission, usually a plurality of users share one 
carrier wave time slot (frequency band) in both uplink and downlink directions. 
As in GSM/DCS 1800 systems, one time slot out of the eight time slots of a 
200 kHz radio carrier wave could be allocated to the GRPS channel. About 25 
kbit/s could be transferred in this selected time slot. 

The capacity of one time slot may be insufficient. In this case the operator 
could allocate also another time slot, and even all time slots of a 200 kHz radio 
carrier wave, to packet radio service. 

When multiple time slots are available, their use can be either combined or 
separate. In combined use, the time slots of the same carrier wave form for 
transmission a capacity pool shared by the mobile stations. One and the same 
mobile station may use multiple time slots in order to achieve a higher data rate 
for packet transmission. In separate use, each time slot is a separate physical 
packet transmission channel, and such channels are allocated to the mobile 
stations in a cell so as to achieve an even distribution of traffic. The distribution 



may be controlled, for example, in the same manner as mobile stations in a 
GSM system are divided into separate paging groups. 



In both cases, in time slot sharing and in separate use, increasing packet radio 
traffic in the cell may be served better by allocating, when need increases, 
more time slots to packet radio service. 

Example 1 

A situation is examined in which circuit switched connections are not in use. In 
this case, all time slots are allocated to packet radio service. The timing 
requirements of a packet radio channel are very strict. When a mobile station 
transmits a request for the transmission of a packet, the base station system 
must reserve a time slot for this mobile station within a few hundreds of 
milliseconds, or even faster. For this reason there must always be channel 
capacity available for packet radio service. 

In a cellular network, calls are set up much more slowly. Normally a call is set 
up within about 3-5 seconds. When the base transceiver station detects 
signaling required for the setting up of a mobile-originated or mobile-terminated 
circuit switched call, one of the packet radio channels can be reserved for such 
a circuit switched call. Normally the maximum transmission time within one and 
the same reservation in packet radio service is limited. It is a reasonable 
assumption that the transmission time is below 1 second. If there is 
transmission on all of the packet radio channels, or on only one of them, the 
transmission of the packet is completed before the same channel needs to be 
allocated to circuit switched use. However, a number of time slots must be 
reserved for packet radio service, these time slots being always available for 
this service so that a certain minimum level of service can be guaranteed in the 
cell. This may be a parameter adjustable at the base transceiver station. The 
operator may adjust this parameter on the basis of the amount of traffic and 



economic calculations. When a circuit switched call has been completed, the 
channel is again released for packet radio service. 

By means of this algorithm, rapid packet transmission can be accomplished 
without disturbing circuit switched traffic. The capacity for circuit switched 
traffic may be increased when the number of time slots reserved for packet 
radio service exceeds the minimum capacity indicated by the parameter. 

The adjustment of the above-mentioned parameter could, of course, also be 
automated, for example on the basis of the traffic requirement measured by the 
base transceiver station, as described below. 

In a normal operating mode, all the channels on one carrier wave (in GSM, eight 
time slots or channels in one burst) are reserved for packet radio services 
(GPRS). The signaling channels may be on a separate carrier wave or in certain 
allocated time slots, and the logical channels on the GPRS carrier waves. Mobile 
stations use the conventional signaling of the mobile telephone system for call 
set-up. From call set-up signaling the base station system (BSS) detects that a 
call is arriving in the cell. The base transceiver station detects this after a 
mobile station has transmitted to it a Channel Request, which is signaled by the 
base transceiver station (BTS) to the base station controller (BSC) in a Channel 
Required message. The base station controller of the base station system 
checks whether there are free traffic channels, whereupon a channel in the use 
of packet radio service is released for circuit switched calls as follows. If a free 
traffic channel is found, the mobile station is given a free channel as soon as it 
needs a channel. If a free channel is not found, reallocation of the packet radio 
channel is initiated and the channel is allocated to circuit switched use 
immediately when needed. 

The base station system needs a channel before it transmits an Assignment 
Request to the mobile station. The system will have ample time to reallocate 
the channel before the transmission of the Assignment Request. Within the time 
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between the Assignment Request and the Channel Required message, signaling 
takes place on the signaling channel, in which case the channel in the use of 
packet radio service can be used until the Channel Required message is 
transmitted. After the channel has been taken into the use of circuit switched 
service and after the circuit switched call is completed, the channel is free and 
is reallocated to packet radio service. 

The base station system keeps the mobile station informed of the division of 
radio capacity, i.e. transmits to the mobile station information as to which 
channels are in the use of which service (i.e. it transmits information regarding 
so-called channel configurations). 

The checking of capacity and the channel deallocation, according to the 
invention, between packet radio and circuit switched services may be especially 
necessary in the case of handover, i.e. when a mobile station moves from one 
cell to another cell, where, for example, all channels are in the use of packet 
radio service. In this case the capacity checking and channel reallocation, 
described above, are preferably carried out after the base station system has 
received from the mobile station a Handover Request and before the base 
station system transmits to the mobile station a Handover Request 
Acknowledgement. In other respects the handover procedure is defined in the 
specifications of the mobile system and is therefore known to an expert in the 
art and is not described here in greater detail. 

Example 2 

The following situation is examined as another alternative. A certain minimum 
service level is required in a cell. For example, one time slot could always be 
reserved for packet radio service. The other time slots are used for circuit 
switched services, or they are free. The base transceiver stations measure the 
quantity of traffic transmitted on the packet radio channel. Of course, the 
channel allocation behavior in a cell must be examined carefully before 



application, for example on the basis of traffic measurements of the cell 
concerned or on the basis of history data obtained from corresponding cells 
elsewhere. In the utilization of a channel there is a certain percentage limit, and 
at a utilization ratio higher than this the channel becomes overloaded and the 
service level weakens. If the utilization ratio of a channel reaches this value, an- 
other time slot must be reserved for traffic. This can be applied to even eight 
time slots within one GSM carrier wave and even to multiple carrier waves. 

When the utilization ratio of a channel decreases and reaches another, lower, 
level, one of the time slots in packet radio use can be deallocated. 

The algorithm according to this second alternative gives a higher priority to 
packet radio service, and circuit switched services can use the capacity not 
required by packet radio services. 

The determination of the threshold values may be based on long-term follow-up 
of traffic. Alternatively it may be variable in such a manner that by using the 
measuring results obtained within a specified past time period the threshold 
values are updated regularly. 

Examole 3 

The following case is discussed as one further alternative. A certain service 
level, which may be quite low, is alvyays offered in a cell. A mobile station may 
make a request to the channel control block for a few time slots, one or 
several. On the basis of this request the base transceiver station allocates more 
time slots to packet radio service. One channel must, of course, be allocated 
very rapidly to the mobile station. In this case additional channels cannot be 
reserved immediately. The mobile station is given the basic channel. During the 
Assignment Request concerning the subsequent packet the network has had 
enough time to allocate multiple channels to packet radio service. Thus the 
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mobile station may gain access to the additional capacity it requested initially, 
i.e. multiple time slots for transmission. 

Example 4 

One further alternative is discussed below. In a rural area the allocation of even 
one time slot, or part of a time slot, for packet radio service may be excessive 
if, for example, in the area there is only one mobile station, .which transmits 
data once a week. In this case no basic capacity for packet radio service needs 
to be reserved in the cell. 

When the mobile station needs to transmit packet data, it transmits a message 
to that effect to the network. Since now no free packet radio channels are 
available, the message may be transmitted on conventional signaling channels 
which are used for circuit switched services. The message may also be trans- 
mitted on other signaling channels, traffic channels or as a short-message 
output. 

Example 5 

The above examples 1 and 2 can be used in combination so as to ensure that 
both circuit switched services and packet radio services share the channel 
capacity in a "fair" manner. This means that a certain channel capacity is 
allocated to the use of both services according to a semi-fixed principle, and 
the services use other channels by using a combination of the algorithms of 
Examples 1 and 2 so that congestion situations with respect to packet radio 
services will be under control. 

The base transceiver station transmits via control channels information to the 
mobile stations so that they can compete for channels, and also that the access 
into the network by mobile stations using low priority packet radio service could 
be prevented until more channels are available. 
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The present invention includes any novel feature or combination of features 
disclosed herein either explicitly or any generalisation thereof irrespective of 
whether or not it relates to the clainned invention or mitigates any or all of the 
problems addressed. 

In view of the foregoing description it will be evident to a person skilled in the 
art that various modifications may be made within the scope of the invention. 
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CLAIMS 

1. A method for dynamic division of radio capacity between packet radio 
service and circuit switched service in a TDM A system in which two-way traffic 
between base transceiver stations and mobile stations talces place in time slots 
on predetermined channels, characterized in that 

- in the basic mode a first predetermined number of time slots are reserved for 
packet radio service and a second predetermined number of slots are reserved 
for circuit-switched service, and that 

- on the basis of a predetermined criterion, one or more additional free time 
slot/slots is/are allocated to packet radio service and/or circuit switched service, 
a corresponding number of time slots being deallocated from the other service. 

2. A method according to Claim 1, characterized in that the said first 
number of time slots comprises all time slots of a channel when circuit 
switched service does not require capacity, no time slot being reserved for 
circuit switched service, but one or multiple free time slot/slots is/are allocated 
to circuit switched service when a predetermined criterion is fulfilled. 

3. A method according to Claim 1, characterized in that the said first 
number of time slots comprises a predetermined minimum number of time slots, 
in which case, on the basis of the said criterion, one free time slot is first 
allocated to packet radio service and during the assignment of the subsequent 
packet the necessary number of additional time slots are allocated. 

4. A method according to Claim 3, characterized in that the said minimum 
number is adjustable, in which case the number is adjusted on the basis of 
traffic and/or factors of traffic economy. 

5. A method according to any of the above claims, characterized in that 
the said predetermined criterion is a request received from a mobile station, the 
request requesting network capacity for packet radio service or for circuit 
switched service. 
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6. A method according to Claim 5, characterized in that the said pre- 
determined first number of time slots is 0 (zero), in which case a mobile station, 
in order to have access to packet radio service capacity, makes a request for it 
to 

the base transceiver station. 

7. A method according to Claim 1, characterized in that the said pre- 
determined criterion is a threshold value obtained by traffic measuring occurring 
at the base transceiver station and that, when the traffic of the service 
concerned increases to above the predetermined first threshold value, one or 
more additional time slot/slots is/are allocated to this service and, when the 
traffic of the service concerned drops to below the predetermined second 
threshold, a corresponding number of time slots are deallocated from this 
service. 

8. A method according to Claim 7, characterized in that the service 
concerned is packet radio service and that additional time slots are allocated, 
when necessary, from multiple channels* 

9. A method according to Claim 7 or 8, characterized in that the 
determination of the threshold values is based on long-term measurement of the 
behavior of the traffic and/or that the threshold values are adjusted on the basis 
of the traffic measurement result over a specified time period. 

10. A method according to any of the above claims, characterized in that 
the method is applied in parallel also to FDMA bands. 

11. A time division multiple access (TDMA) mobile system which comprises 
a base station system (BSS) comprising base transceiver stations and base sta- 
tion controllers, as well as mobile stations, and in which two-way traffic 
between the base transceiver stations and mobile stations takes place in time 



14 



slots on pre-determined channels and in which nnobiie system there is packet 
radio service and circuit switched service, characterized in that, for dynannic 
division of radio capacity between packet radio service and circuit switched 
service, 

- in the basic mode the base station system (BSS) reserves for packet radio 
service 

a predetermined first number of time slots and for circuit switched system a 
predetermined second number of time slots, 

- the base station system monitors the capacity required for each service, and 

- allocates to packet radio service and/or circuit switched service, on the basis 
of 

a predetermined criterion, one or more additional free time slot/slots, 
deallocating 

a corresponding number of time slots from the other service, 

12. A mobile system according to Claim 11, characterized in that the base 
station system transmits to a mobile station information regarding the division 
of radio capacity between packet radio service and circuit switched service. - 

T3. A radio system in which channels between a base station and a 

mobile unit are utilised in plural modes, wherein the allocation of channels for 
utilisation in respective ones of the modes is dynamic such that channels 
allocated for use in a first of the modes are reallocatable for use in a second of 
the modes. 

14. A method for allocating the mode of usage of channels in a radio 

system in which channels between a base station and a mobile unit are utilised 
in plural modes, the allocation of channels for utilisation in respective ones of 
the modes being dynamic such that channels allocated for use in a first of the 
modes are reallocatable for use in a second of the modes. 
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15. A radio system substantially as hereinbefore described with 
reference to the drawing. 

16. A method for allocating the mode of usage of channels in a radio 
system substantially as hereinbefore described with reference to the drawing. 
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